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INTRODUCTIOU 



When Iron la heated to a temperature eufflclently 
high for welMng or stamping operations^ a film of iron 
oxide ^ ^^3^J^* forms on the snrface of the metal. In some 
cases this film of oxide is very thick resulting in the re- 
duction in size of the material treated to such an extent 
that it must be discarded • In stamping operations where 
large quantities of iron are used the loss occasioned by 
discarded material presents a serious economic problem. 

The main factors entering into the production of 
this scale are the duration of heating^ the temperature and 
the composition of the gases surrounding the metal. If the 
formation of this scale is in the order of a simple chemical 
reaction^ then the rate of formation would depend on the 
temperature time and rapidity with which oxygen is furnished 
to the reaction. In ordinary stamping operations the iron 
is brought to a welding temperature by means of coal gas or 
producer gas. In contact with the products of combustion of 
these gases the scale forms quite rapidly^ so rapidly in fact 
as to present a serious obstacle to this method of heating. 
The rapid formation of scale may be due in a great part to 
the fact that considerable oxygen is available from the COg 
which is reduced to Co or the oxygen entering with the 
air and that furnished by decomposed water vapor. The 
presence of moisture is known to play a very important part 
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In the formation of this scale. 

As far as been able to determine no work has been 
done on the action of the Droducts of combustion on Iron at 
high temperatures* In this work an attempt was made to de* 
termine the relation between the amount of formation of this 
scale and the time temperature and composition of the gases 
surrounding the metal ^ and further to determine the most 
suitable conditions of time^ temperature and composition of 
gases for carrying on stamping and welding operations. This 
being the first work in the field it must be taken simply 
for what it may be worth in suggesting further work along 
this line. 

This work was suggested by C. W. Sachow^ a former 
graduate of this University^ who at present is connected with 
work of this kind* 

PICELING 

At the outset it ?ras seen that the success of this 
work depended on being able to pickle the samples treated 
without further corrosion due to the action of the pickling 
bath. It was also desirable to have some method by which the 
pickling could be rapidly carried on. Reed's electrolytic 
method seems to fulfill these requirements. In some ex- 
periments performed in the electro-chemical laboratory by 
students it was found that excessive corrosion occurred when 
this method was used^ but it was thought that the corrosion 
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was duo to the aold Itself and not to electro^chemical 
eatiBes* If this were the case it was evident that Reed's 
method could not be used# Further experiments showed that 
by raising the current density to between 1200 and 1600 
amperes per square foot that this method gave the desired 
results and that a specimen covered with a heavy coating of 
scale could be cleaned in thirty seconds* A number of tests 
were run to find if any corrosion resulted from the action 
of the bath and it was found that the corrosion due to such 
action was less than one hundredth of one per cent* It was 
then by this^ Reed's method with increased current density 
that all of the pickling was done* 

The apparatus arranged for this work was as fol- 
lows:- A small iron bucket five Inches in diameter and five 
inches dee-o covered with acid resistant enamel was fitted 
with two lead anodes S-J inches by 5 inches^ placed one on 
either side* A heavy copper wire bared at the end for con- 
tact was extended nearly to the center of the bucket in the 
plane of the top* On this wire a screw pinch-cook holding the 
specimen could be hung* The specimen could be easily and 
quickly changed* The pinch-cock made very good contact with 
the copper and heavy sparks occurred only at making and 
breaking the contact* Sulphuric acid Sp* Gr* 1*27 was used 
as electrolyte* A thermometer was inserted in the bath which 
was raised to 65^c T^y^ ^ bunsen flame and maintained at that 
temperature by the passage of the current* An ammeter was 
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conneoted in the circuit to show whether the current passing 
was sufficient for the required current density of 1200 to 
1500 amperes per square foot* In this connection it should 
be stated that when this bath is used at this high current 
density the operations should be carried on in a hood^ for 
with the rapid evolution of hydrogen a spray of sulphuric 
acid is carried into the air. A number of slight explosions 
occurred in the use of this bath at the instant of the 
removal of the specimen » the evolved hydrogen being ignited 
by a spark from the broken contact • The arrangment of this 
apparatus can be seen somewhat in detail from the cut in 
Plate II • 



this work. Among the requirements of the furnace were:- 
a# Maintenance of uniform temperatures. 

b. Capacity for variation of temperature from 800^0 to 1200^0. 
c# Facilities for accurate measurement of temperatures. 

d. Capacity to heat the gases to the required temperature 

before they come in contact with the specimens. 

e. Facilities for admitting gas to the furnace and rendering 

the furnace air tight. 

The furnace as designed and built is shown in Pig. 
1. It consists of an electric tube furnace wound with 
Hichrorae wire designed for use on a 220 volt circuit. Since 



FURNACE 



The furnace used was designed and built solely for 
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the temperatnpe attained is dependent on the onrrent flowing, 
to maintain constant temperaturee it ia necessary only to 
control the current flowing in the heating nnit* This was 
done by a choke coil shown in Plate IV* 

Fig* 1 shows a cross sectional view of the tube 
furnace* A is a heavy porcelain tube Ijt inches in diameter 
and 46 inches in length wound with twenty feet of Hi chrome 
wire* B is a tubular galvanised iron shield seven inches 
in diameter and thirty-six inches in length which is bolted 
to eleven inch squares of asbestos board each one-fourth 
inches in thickness* The intervening space is filled with 
fossil flour loosely packed. At the center is placed an 
asbestos support D to prevent the tube from sagging at high 
temperatures* E is a silica tube closed at one end and ex- 
tending twelve inches into the interior of the heated region 
of the furnace and in this tube was placed a thermo-couple 
or the tube was used as a "black body" when measurement of 
temperature was made by optical means* 6 is a small silica 
tube bearing the gases to the furnace and delivering them 
directly under tube S* The gases rising around E would have 
a tendency to cool it and if the tube were maintained at 
the desired temperature it would mean that the gases were 
raised to that temperature before they came in contact with 
the specinens* -^s is shown in Pig* 1 the "oorcelain tube 
extends beyond the frame of the furnace for a distance of 
about eight inches and is closed by a rubber stopper f 
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thru which the two silica tubes E and G pass* Between the 
rubber stopper and the point where the porcelain tube 
enters the furnace the silica tubes are surrounded by a 
layer of asbestos which protects the stopper from the heat 
conducted and radiated from the interior* While runs were 
made at 1200^0 and the furnace maintained at this temperature 
for a half hour and longer, the end of the tube remained 
perfectly cool* The right end of the furnace was closed by 
a small glass tube one-eight inch inside diameter wound with 
asbestos cord* The small opening was needed to allow the 
passage of gas out of the furnace* 

The winding of the furnace was very uniform and as 
a result the temperature remained uniform throughout its 
length* This was shown by inserting a thermo-couple in 
various parts of the furnace. The gas was passed thru the 
furnace at a uniform rate of one hundred cubic inches per 
minute, the flow being regulated by a wet meter* 

The temperature of the furnace was at first 
measured by placing a base metal thermo-couple in the silica 
tube E* This worked well except for 1100 and 1200^0* At 
these temperatures particularly the latter the thermo-couple 
did not stand well* The use of the thermo-couple was 
abandoned and a Holboxn^ Ktrrlbaum optical pyrometer with 
silica tube E as ''black body" was used* This method was 
very satisfactory and was used for the greater part of the 
work* 
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The gases used were made up In a gas holder of six 
onbio feet oapaoity* The nitrogen was obtained by passing 
compressed air thru an absorbing system containing alkaline 
pyrogallol# The system is shown in Plate II • It consists 
of a train of four suction filter flasks of two and one half 
liters capacity each, each containing one and one fourth 
liters of alkaline pyrogallol, and a small filter flask con- 
taining water only# The alkaline pyrogallol was made by 
adding fifty grams of pyrogallic acid per liter of twenty- 
five per cent* solution of potassium hydroxide. On the end 
of each glass tube leading down into the pyrogallate was 
placed a rubber stopper over which a layer of glass wool was 
placed and secured with a cotton cloth* With this arrangement 
air forced thru the tube came to the surface of the pyrogal- 
late as a spray of fine bubbles presenting a large surface 
for the absort)tion oxygen* Very pure nitrogen was obtained 
in this way when air was passed thru at the rate of three 
cubic feet Der hour* 

The carbon dioxide was supplied in pressure 
cylinders and was drawn out thru a reducing valve as was 
needed. The gas was made up by volume* A small amount of 
air, the same amount each time, was entraT)ped in the tank* 
This furnished four T>er cent* of oxygen* The composition of 
the gas was repeatedly checked by a Hempel Burette* The 
tank was loaded with lead sufficient to give a gas pressure 
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of seven inches of water • The gae in passage from the tank 
to the furnace passed first thru the wet meter where it was 
regulated, then to the saturator or dryer as the case might 
be, and thence into the furnace. The saturation of the gas 
with water vapor was accomplished by passing it thru 
saturated excelsor , the drying by a calcium chloride tower. 

SPECIMENS 

The specimens were of mild steel x x and 
weighed approximately fifty grams each. They were run in 
sets of five and marked by punch marks, each marked specimen 
denoting the time for which it was treated. The marking was 
as follows 

Ho mark ------ 5 minutes 

1 Punch mark - - — 10 " 

2 " ^ 15 ^ 

3 " ^ 20 

4 tf If 30 

With this system of marking there was little if 
any chance of confusing the specimens. 
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The work was carried on in sets or ''rune 



If 



Each 



•*rtm" conaieted in the treatment of twenty-five speoimene 
with gas of the same composition, but at different temperatures 
and different lengths of time* Five different temperatures 
were used, viz*, 800? 900? 1000? llOO^and 1200^0 • At each 
temperature five samples were treated for 5, 10, 15, 20 and 30 
minutes • 



to remove any scale, dipped in a water solution of sodium 
carbonate to neutralize the acid from the bath and then in 
an alcoholic solution of sodium carbonate to facilitate rapid 
drying and to prevent any oxidation due to exposure in the 
air. The specimens were then weighed, placed in porcelain 
boats and slide d into the furnace which was at the desired 
temperature • In each case two minutes was allowed before 
time was counted to bring the specimens up to the temperature 
of the furnace* A sample was removed at the end of 5,10, 
15, 20 and 30 minutes periods* The porcelain boats were 
used for convenience in getting the specimens in and out of 
the furnace, and also, to prevent the specimens f rem Auxing 
with the porcelain tube at high temperatures* The specimens 
on removal from the furnace were cooled, pickled in the usual 
manner and weighed. The loss of weight was taken as the 
amount of oxidation due to the action of the gas* Time- 
oxidation and temperature-oxidation curves were plotted for 



The specimens were first pickled for thirty seconds 



each run* 
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PLATE I 

1 S.E07;iKG PURUAGE IN POSITION 

2 PYRCMETEB 
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PLATE II 

1- Plokllng Bath 

2- Ainmeter oonneoted to bath 

3- Henipel Apparatus 

4- Absorption trpln 

5- 00£ Oyllnder 
S-Gompressed air Piping 

7- Solxitlon of ira£C03. 

8- Alobhollc ITacOO- 
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PLATE III 
1-Hol'born-Kurl'baum Pyrometer. 
g-COg Cylinder* 
S-ttas holder, 

4- Grad Saturator. 

5- OaloluTn ohlorlde tower* 

6- Wet gas meter. 
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PLATE IV 

SHOWlUa CHOKE COIL USED IN REGULATIUa TEE 
OTJRRENT IN THE FURNAOE 
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COHCLUSIOHS 

1# The apparatus xieed facilitates rapid treatment 

of specinens under uniform conditions. 

2« At constant temperatures the oxidation increases 

with the time of treatment • 

3. For thirty minute periods the oxidation increases 
with rise of temperature. 

4. For periods below thirty minutes the oxidation 
temperature curves indicate a marked decrease in oxidation 
at temperatures of 90(j^and 1100^C# 

In cementation of steel at points above the 
critical temperature which in case of low carbon steel is 
about 900^0*, carbon is very rapidly absorbed to form the 



gamma solution* For specimens heated to 900 this may be 
the cause for the low loss resulting, since the absorption ^ 
of carbon will counter balance the loss by oxidation. The 



small loss occurring at 1100 may be explained on the basis 
of similar phenomena ^ in -as -much as iron shows a faint 
critical point at 1120^0. 

5. In all runs the use of dry gas gives less oxidation 
than saturated gas. 

6. With the use of dry gas a relative amount of 
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oxidation takes plaoe during the first twenty minutes of 
treatment after whloh the oxidation inoreases rapidly » 
due probably to the free oxygen formed by the deoonpo- 
Bit ion of COg to O^and CO at temperatures above 1100^ 
Centigrade* 

7f !nie oomposition of the gas seems to have little 

effect on the amount of oxidation* except where the products 
of combustion are saturated with moisture* 
8« Two specimens were treated for twenty minutes at 

1000^ Centigrade with a gas made up of 10^5 COgt lOjS il- 
luminating gaSt 4^ Og» and 76^ S^* The resulting oxida- 
tion was 1*25^ in each case* which is very much less than 
the corresponding oxidation in any of the runs using sat- 
urated gas* With the use of dry gas the values obtained 
check 1*26^ very closely* The introduction of heated il- 
luminating gas around the specimen may be a method of re- 
ducing the oxidation since the oxygen would attack the 
illuminating gas instead of the iron. 
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